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Tel Aviv Sourasky Medical Centre, Tel Aviv, IsraelAbstractKlebsiella pneumoniae carbapenemase (KPC)-producing Klebsiella pneumoniae is a pathogen causing an epidemic of carbapenem-resistant
Enterobacteriaceae (CRE) in healthcare settings in developed countries. The spread is primarily by patient-to-patient transmission.
Understanding the mode of spread is important for designing effective control measures. We studied CRE dissemination by quantifying
environmental contamination from the vicinity of 34 carriers using selective contact plates. We examined rectal CRE concentrations and
clinical characteristics and correlated these with environmental contamination. Eight (24%) carriers were non-spreaders: no CRE was
detected in their vicinity. Faecal continence was the only independent predictor of being a non-spreader. Among the 26 spreaders, we
identiﬁed a distinct group of six (18%) super-spreaders who accounted for 79% of environmental colonies detected. Super-spreaders
were likely to have high rectal CRE concentrations and to have been admitted with respiratory disease. CRE spread to the environment
follows the 20/80 rule: 20% of carriers are responsible for 80% of shedding and may play a central role in CRE transmission.
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E-mail: yehudac@tlvmc.gov.ilIntroductionCarbapenem-resistant Enterobacteriaceae (CRE) have emerged
over the last decade as major nosocomial pathogens that
threaten the safe care of patients in many parts of the world [1].
In developed countries, the strain primarily responsible for the
CRE epidemic is Klebsiella pneumoniae carbapenemase (KPC)
-producing Klebsiella pneumoniae belonging to a highly epidemic
clone, ST258 [2,3]. A high prevalence of CRE is now observed
in various countries [4], leaving many patients without options
for effective antibiotic therapy and causing high mortality andMicrobiol Infect 2015; 21: 470.e1–470.e7
nical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infect
p://dx.doi.org/10.1016/j.cmi.2014.12.015morbidity. Limiting the spread of CRE requires targeted and
enhanced infection control measures [5].
The precise mechanism of CRE spread is not well under-
stood. In developed countries, KPC-producing CRE is mainly
spread indirectly from patient to patient via the contaminated
hands of healthcare workers and contaminated fomites. The
number of new cases generated by a primary case, as repre-
sented by the reproduction number R0, is estimated to be two
in the absence of infection control measures [6]; this number is
similar to R0 for SARS and Spanish inﬂuenza [7,8]. It is impor-
tant to determine if the risk of transmission is evenly distributed
between carriers and, if not, to identify factors that increase the
likelihood of dissemination. In several epidemics, most notably
outbreaks of SARS and tuberculosis, it has been shown that
epidemic progression is fuelled by a few highly transmitting
patients [9]. Determining whether super-spreaders play a role
in CRE spread may allow a better understanding of the epi-
demic’s progression and may direct infection control measures.ious Diseases. Published by Elsevier Ltd. All rights reserved
CMI Lerner et al. Dissemination of CRE by super-spreaders 470.e2For this study, we used the amount of environmental
contamination by CRE in the immediate vicinity of KPC-
producing CRE carriers as a marker for dissemination. Envi-
ronmental contamination occurs primarily from carriers as
their secretions and excretions are spilled into their sur-
roundings [10]. This may lead to contamination of healthcare
workers’ hands or to direct transmission from patient to pa-
tient [11,12]. The role of environmental contamination has
been studied for various nosocomial pathogens [13–15].
However, there are limited data, speciﬁcally quantitative data,
regarding environmental contamination with Enter-
obacteriaceae. Moreover, the correlation between environ-
mental contamination and clinical characteristics of the carriers,
particularly the load of gastrointestinal carriage, is not deﬁned.
Recently we described a simple and efﬁcient method to
sample CRE in the environment using CHROMAgar KPC
contact plates [16]. We also developed and validated methods
to quantify CRE and KPC concentrations in rectal swabs [17].
The aims of the present study were: (1) to use these methods
to identify patterns of CRE spread from carriers to their sur-
roundings; (2) to correlate carriers’ rectal CRE concentrations
with environmental contamination; and (3) to examine the as-
sociation between clinical and demographic characteristics of
CRE carriers and the level of environmental contamination.MethodsStudy setting and subjects
The study was conducted in two internal medicine wards in a
tertiary-care hospital in Tel Aviv, Israel from December 2010
to May 2011. Thirty-two carriers of KPC-producing CRE were
identiﬁed from active surveillance cultures taken as part of the
hospitals’ routine infection control protocol using previously
described methods [18,19]. Two of these subjects were
sampled twice (at least 1 month apart), making a total of 34
observations. For simplicity, we refer in this paper to 34
carriers.
Sampling and processing of rectal and environmental
CRE cultures
Environmental and rectal samples were collected in the
morning (just before room cleaning and changing of subjects’
clothing and bed linens) and were immediately transported to
the laboratory for processing. Rectal samples were collected
using Eswabs (Copan, Brescia, Italy). Details of the environ-
mental sampling procedure have been reported previously
[16] and are described here brieﬂy. Surface sampling was
performed using CHROMagar KPC contact plates supple-
mented with 0.7 g/L lecithin and 4.5 mL/L Tween 80 (CP;Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and InHyLabs, Rehovot, Israel). Based on previous results [16], ﬁve
locations surrounding each carrier were sampled for envi-
ronmental CRE: bed linen surfaces around the pillow, crotch
area and leg area; the personal bedside table; and the infusion
pump. Environmental contamination was quantiﬁed as the
total number of colonies that grew on the ﬁve contact plates.
From each positive site sampled, one CRE-suspicious colony
(blue or pink) was isolated and processed. Bacterial identiﬁ-
cation and antimicrobial susceptibility testing were carried out
using the Vitek 2 system (bioMérieux, Marcy l’Etoile, France);
isolates were also analysed for blaKPC-PCR as previously
described [18].
Quantiﬁcation of rectal bacteria using microbiological
and molecular methods
Both culture-based and molecular methods were used to
quantify rectal CRE concentrations. The culture-based method
estimates the concentration of CRE compared with the aerobic
cultured ﬂora, whereas the molecular method estimates the
concentration of KPC-producing CRE (blaKPC gene) compared
with the total ﬂora (16S rDNA gene). Thirty-four rectal Eswab
samples were analysed using a previously described culture-
based method [17]. In short, total aerobic bacteria (TAB)
were quantiﬁed by direct plating on tryptic soy agar plates
supplemented with 5% sheep blood (HyLabs, Rehovot, Israel)
and CRE was quantiﬁed on CHROMAgar KPC (HyLabs). The
ratio of colony-forming units of CRE to TAB was determined
after 18 h of growth at 37°C. For molecular quantiﬁcation, 300
μL of bacteria suspended in Amies transport medium were
used for DNA extraction using the QIAamp DNA Stool Mini
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions, and the DNA was subjected to quantitative PCR
analysis. The total Eubacteria (16S rDNA gene) and KPC-
producing bacteria (blaKPC gene) were quantiﬁed as described
previously [17] and the ratio of blaKPC copies/16S rDNA copies
was calculated (blaKPC/16S rDNA). The detection limit of the
culture-based and molecular-based methods was discussed in
our previous studies [17,19].
Molecular typing
Rectal CRE isolates from 13 patients and their respective
environmental isolates were compared by repetitive sequence-
based PCR typing with the BOX A1R primer (BOX-PCR) [20].
The PCR with the BOX A1R primer was performed as
described elsewhere [21], except for annealing at 50°C using a
TProfessional Thermocycler (Biometra, Göttingen, Germany).
Each human isolate and its corresponding environmental iso-
lates were placed in adjacent lanes to aid visual evaluation.
Samples (25 μL) were run in 2% agarose gels for 3 h at 110 V.
The BOX-PCR patterns were compared by computerizedfectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 470.e1–470.e7
470.e3 Clinical Microbiology and Infection, Volume 21 Number 5, May 2015 CMIanalysis, applying the Dice similarity index (GelCompar II
version 2.5, Applied Maths, Kortrijk, Belgium); a cut-off of 80%
similarity was used to deﬁne isolates of the same strain [22].
Data abstraction
The following data were collected from subjects’ medical re-
cords and hospital electronic databases using a prepared
questionnaire: demographic characteristics; primary admission
diagnosis; co-morbid conditions; in-hospital events; presence of
invasive devices, decubitus ulcers, faecal incontinence and
diarrhoea; antibiotic treatment; and discharge disposition.
Statistical analysis
Comparisons between groups were performed using Fisher’s
exact test for dichotomized variables and Student’s t-test for
continuous variables. All variables with a p-value of 0.1 were
entered into a multivariate logistic regression model. Variables
were retained in the model if the p-value was <0.05. Analysis
was performed using IBM SPSS Statistics Version 20 for Win-
dows (SPSS Inc., Chicago, IL, USA). Correlation analysis was
performed using JMP IN v 3.2.1 software (SAS Institute Inc.,
Cary, NC, USA).
Ethics statement
This study was approved by our hospital’s Institutional Review
Board. The requirement for informed consent was waived
because we used cultures taken as part of the hospital’s routine
practice of screening high-risk patients for CRE.
Role of the funding source
The study sponsor had no role in study design, data collection,
data analysis, data interpretation, or writing of the report. The
corresponding author had full access to all the data in the study
and had ﬁnal responsibility for the decision to submit for
publication.ResultsFIG. 1. The distribution of the number of carbapenem-resistant
Enterobacteriaceae (CRE) colonies detected in the carriers’ vicinity.
The vicinity of six super-spreaders (18% of the patients) accounted for
80% of the environmental colonies.Environmental contamination with CRE
CRE was identiﬁed in all 34 rectal samples and the presence of
the blaKPC gene was conﬁrmed by PCR. KPC-producing
K. pneumoniae (KPC-KP) was isolated in 33 cultures and
KPC-producing Enterobacter cloacae in one. CRE colonies were
detected in the immediate environment of 26 subjects (77%).
All were KPC-KP except one, a KPC-producing E. cloacae that
was detected in the vicinity of its carrier. A total of 510 colonies
were identiﬁed in the carriers’ environments. The presence of
contamination varied between environmental sites: the three
sites sampled in the subjects’ beds yielded 379 (75%) of theClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infecttotal 510 colonies detected (pillow 43%, bed linens in the
crotch area 27%, and bed linens near the legs 5%), whereas the
two more distant sites yielded 128 (25%) of the total colonies
detected (personal bedside table 3% and infusion pump 22%).
Great inter-subject variability in environmental contamination
was observed (Fig. 1); the median number of colonies isolated
from the vicinity of a carrier was 3.5 (interquartile range (IQR)
1–11, range 0–103). In eight (23%) of the patients, no envi-
ronmental contamination by CRE was detected; these patients
were classiﬁed as ‘non-spreaders’. The vicinity of the other 26
patients (77%, classiﬁed as ‘spreaders’) was contaminated.
Among spreaders, the number of colonies detected in the im-
mediate environment varied from 1 to 103 colonies (median 8,
IQR 2–16). Two distinct groups of spreaders were observed
(Fig. 2a, b): six subjects (18% of all subjects) with >50 colonies
detected in their immediate environment (IQR 50–103) were
classiﬁed as ‘super-spreaders’ and a larger group (20/34 sub-
jects, 59%) was classiﬁed as ‘low-level spreaders’ in whose vi-
cinity 1 to 20 CRE were detected (IQR 1–16). We chose this
cut-off of >50 colonies for the super-spreaders according to the
correlation plot of rectal CRE against environmental CRE
(Fig. 2) as no dots were detected between 20 and 50 colonies.
We examined the super-spreaders’ contribution to the
environmental spread of CRE. Of a total of 510 colonies of CRE
isolated from the subjects’ environment, 401 (79%) were
detected in the vicinity of the six super-spreaders (average of
66.8 colonies per subject), whereas 109 (21%) were detected in
the vicinity of the 20 low-level-spreaders (average of 5.5 col-
onies per subject).ious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 470.e1–470.e7
FIG. 2. Correlation between environ-
mental contamination with carbapenem-
resistant Enterobacteriaceae (eCRE) and
rectal CRE concentration. Rectal CRE
concentration was measured from rectal
swabs as (a) the ratio of CRE to total
aerobic bacteria (CRE/TAB) (r2 = 0.175)
and (b) the ratio of Klebsiella pneumoniae
carbapenemase (KPC) -producing bac-
teria to total ﬂora (blaKPC gene copies/
16S rDNA gene copies; r2 = 0.351).
Grey circles represent super-spreaders;
white rhombuses represent low-level
spreaders; and black rhombuses repre-
sent non-spreaders.
CMI Lerner et al. Dissemination of CRE by super-spreaders 470.e4Rectal CRE concentration and correlation with
environmental contamination
The median blaKPC/16S rDNA ratio (molecular method) was
0.005 (IQR 0.0005–0.05). The median CRE/TAB ratio (culture-
based method) was 0.024 (IQR 0.0005–0.27). Both methods
identiﬁed subjects with high rectal CRE concentrations: seven
(20.5%) subjects had a blaKPC/16S rDNA ratio >0.05, indicating
that KPC producers comprised a high proportion of the total
bacterial ﬂora in their rectal samples, and nine (26.5%) subjects
had a CRE/TAB ratio >0.2, indicating that CRE comprised a high
proportion of the total cultured aerobic ﬂora in their rectal
samples. These ratios were correlated with the load of envi-
ronmental contamination (Fig. 2). We observed a very weak
positive linear correlation between the number of CRE col-
onies recovered from the subjects’ environment and the CRE/
TAB ratio (r2 = 0.1748) or the blaKPC/16S rDNA ratio
(r2 = 0.3505).
Because both environmental contamination and rectal CRE
concentrations were highly skewed, we also examined the as-
sociation between spreader categories (non-spreader, low-level
or super-spreader) and rectal CRE concentration. Subjects who
were super-spreaders had higher rectal CRE concentrations
than other subjects: the mean CRE/TAB ratio was 0.381 for
super-spreaders versus 0.126 for others (p 0.049) and the mean
blaKPC/16S rDNA ratio was 0.21 for super-spreaders versus
0.017 for others (p < 0.001). When the CRE/TAB ratio was
deﬁned as a binary variable (0.2 versus >0.2), four (66.7%) of
the six super-spreaders had a high ratio compared with ﬁve
(17.9%) of the 28 non-super-spreaders (p 0.031). The associa-
tion between spreader category and CRE concentration was
even stronger when the blaKPC/16S rDNA ratio was consid-
ered: four (66.7%) of six super-spreaders had a high ratio
(>0.05) compared with three (10.7%) of the 28 othersClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and In(p < 0.01). In contrast, having a low rectal CRE concentration as
deﬁned by either a CRE/TAB ratio <0.2 or a blaKPC/16S rDNA
ratio <0.05 did not predict being a non-spreader (p 0.4 and p
1.0, respectively).
Longitudinal changes in the two patients with serial
testing
Two patients were included twice in the study (5 weeks apart)
during the same hospital admission. At the ﬁrst sampling
episode, nine colonies (low-level spread) were cultured in the
vicinity of one patient with a high CRE rectal concentration
(CRE/TAB = 0.45 and blaKPC/16S rDNA ratio = 0.3). Five
weeks later, eight colonies were identiﬁed and the rectal CRE
concentration was no longer high. The second patient was a
super-spreader during ﬁrst sampling (103 colonies) with a high
rectal CRE concentration (CRE/TAB 0.93, and blaKPC/16S
rDNA ratio 0.5); 5 weeks later he was a low-level spreader
(seven colonies) and no longer had a high rectal CRE
concentration.
Association between subjects’ demographic and clinical
characteristics and spreader status
The demographic and clinical characteristics of the patients
according to their spreader status are presented in Table 1.
Both dementia and faecal incontinence were associated with
being a spreader as opposed to a non-spreader. These two
variables were highly correlated one with the other (p 0.009),
and therefore, we excluded dementia from the ﬁnal multivar-
iate model. Faecal incontinence was identiﬁed as the only in-
dependent predictor of being a spreader (OR 19.0, 95% CI
1.96–183, p 0.011). No variable examined distinguished be-
tween low-level spreaders and non-spreaders (data not
shown).fectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 470.e1–470.e7












Age, years (mean, range) 66 (51–81) 69 (61–77) 72 (45–98) 0.60 0.42
Males, n (%) 5 (64) 12 (60) 2 (33) 1.00 0.37
Admission from home, n (%) 6 (75) 7 (35) 2 (33) 0.10 0.67
Antibiotic treatment on admission, n (%) 7 (87) 13 (65) 2 (33) 0.21 0.15
Primary admission diagnosis, n (%)
Respiratory disease 1 (12) 4 (20) 5 (83) 0.38 0.005
Cardiovascular disease 0 0 0 1.00 1.00
Central nervous system disease 0 3 (15) 0 1.00 1.00
Gastrointestinal disease 2 (25) 1 (5) 0 0.13 1.00
Endocrine disease 0 0 1 (17) 1.00 0.17
Infectious disease 1 (12) 4 (20) 0 1.00 0.55
Musculoskeletal 2 (25) 3 (15) 0 0.57 0.56
Co-morbidities, n (%)
Cardiovascular disease 5 (62) 16 (80) 2 (30) 1.00 0.07
Congestive heart failure 2 (25) 0 0 0.05 1.00
Diabetes 5 (62) 9 (45) 1 (17) 0.33 0.29
Chronic renal failure 2 (25) 4 (20) 1 (17) 0.65 0.79
Cerebrovascular disease 0 4 (20) 0 0.55 1.00
Chronic lung disease 0 2 (10) 0 1.00 1.00
Dementia 0 7 (35) 5 (83) 0.03 0.01
History of malignancy 4 (50) 4 (20) 1 (17) 0.16 1.00
Immunodeﬁciency 1 (12) 0 0 0.24 1.00
Surgery in the last year 6 (75) 10 (50) 1 (12) 0.17 0.22
Mean time from admission to survey, days (range) 52 (3–188) 35 (5–97) 27 (6–49) 0.20 0.66
Hospitalization, n (%)
Antibiotics in week before study 5 (62) 11 (55) 2 (33) 0.69 0.38
Invasive device 7 (87) 19 (95) 5 (83) 1.00 0.33
Patient conﬁned to bed 3 (37) 14 (70) 5 (83) 0.18 0.63
Faecal incontinence 1 (13) 15 (75) 4 (67) 0.004 1.00
Diarrhoea 0 1 (5) 0 0.42 1.00
Open wounds 4 (50) 8 (40) 2 (33) 0.28 0.88
Outcomes, n (%)
Death 0 3 (15) 2 (33) 0.31 0.20
Discharge to home 6 (75) 4 (20) 0 0.003 0.14
470.e5 Clinical Microbiology and Infection, Volume 21 Number 5, May 2015 CMIComparing super-spreaders to all others, signiﬁcant pre-
dictors in univariate analysis were an admission diagnosis of
respiratory illness, co-existing cardiovascular disease, dementia,
and having a high rectal CRE concentration. In multivariate
analysis, being admitted with respiratory illness (OR 20.5, 95%
CI 1.41–297.6, p 0.027) and high rectal CRE concentration
(modelled as blaKPC/16S rDNA ratio, OR 14.5, 95% CI
1.09–192.0, p 0.042) were identiﬁed as independent pre-
dictors. Based on an a priori hypothesis we forced faecal in-
continence into the model, but it was not signiﬁcant (p 0.95).
Genetic relatedness
Forty KPC-producing CRE isolates, 14 rectal CRE isolates
from 13 carriers and their respective 26 environmental iso-
lates were compared by BOX-PCR (see Methods section) and
with previously characterized KPC-producing strains [23].
BOX-PCR analysis of each carrier’s rectal CRE versus envi-
ronmental CRE collected from that carrier’s vicinity showed
80% to 100% similarity for the K. pneumoniae isolates and
100% similarity for the two isolated E. cloacae. Genetic relat-
edness analysis with BOX-PCR showed that 35 (92%) of the
38 K. pneumoniae isolates (both environmental and rectal
strains) showed 80% to 100% index similarity to the epidemic
sequence type 258.Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and InfectDiscussionIn this work, we demonstrated high variability in environmental
contamination with CRE between rectal carriers of KPC-
producing CRE. We found that 18% of the carriers were
responsible for 80% of the environmental contamination. We
labelled these patients ‘super-spreaders’. The term super-
spreader has been used to describe a highly infectious person
who transmits an agent of disease to a disproportionately large
number of individuals [24]. Our results follow the 20/80 rule, a
concept documented by observational and modelling studies in
which 20% of the individuals within any given population
contribute at least 80% to the transmission potential of a
pathogen [25].
We studied the relation between CRE contamination in the
carriers’ immediate environment and their CRE rectal concen-
tration and clinical characteristics. We found only a weak linear
correlation between the degree of gastrointestinal carriage of
CRE and environmental contamination. However, when we
examined the group of super-spreaders, we found that most had
high rectal CRE concentrations and that, conversely, subjects
with high rectal CRE concentrations were much more likely to
be super-spreaders than non-super-spreaders. Higher pathogenious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 470.e1–470.e7
CMI Lerner et al. Dissemination of CRE by super-spreaders 470.e6shedding and co-infection have been proposed to explain super-
spreading in other instances, such as Ebola, SARS and Staphylo-
coccus aureus outbreaks [26–28].
We found that an admission diagnosis of respiratory disease
predicted super-spreading; however, this relationship is not
biologically plausible and we believe that the association is not
causal but may be related to other patient factors, such as
impaired mobility, overall debilitation or antibiotic treatment.
Interestingly, we did not detect a signiﬁcant effect of antibiotic
treatment on environmental contamination; however, we
believe that antibiotic treatment has an important effect on
rectal CRE concentrations and subsequently on dissemination.
We likely failed to detect these effects because of the relatively
small number of super-spreaders, grouping all antibiotics into
one group (despite the likelihood that different agents will have
different effects), and collecting data on antibiotic treatment at
two points only (on admission and 1 week before study inclu-
sion). Two of the six patients in the super-spreader group were
identiﬁed as low-level carriers of CRE. It is possible that other
unidentiﬁed clinical or environmental factors played a role in
facilitating environmental contamination in these cases, or that
ﬂuctuation in rectal CRE concentration occurred over time
while environmental contamination persisted.
In addition to the super-spreaders, we examined two other
groups of patients, low-level spreaders and non-spreaders. The
only variable signiﬁcantly associated with being a non-spreader
was the absence of faecal incontinence. This ﬁnding is consis-
tent with other studies of environmental contamination that
reported diarrhoea or faecal incontinence as risk factors for
contamination with various nosocomial pathogens [14,29].
In this study, we found that the great majority of human and
environmental isolates belonged to the predominant clone of
K. pneumoniae, ST-258. This ﬁnding is expected, because this
clone is predominant in our hospital as well as in many parts of
the world [2,3]. This clone was detected in all the super-
spreaders. Although strain variability has been proposed as an
explanation for the super-spread of other pathogens [30], the
almost complete uniformity of strains we observed negates this
possibility in our study.
We used two different methods to quantify KPC-producing
CRE concentrations in rectal swabs as proposed in our previ-
ous work [17]. Among the low-level spreaders and the non-
spreaders, the culture-based method detected greater vari-
ability in rectal CRE concentration than the molecular-based
method. This difference is probably related to the inherent
limitations of the cultivation-based technique. The culture-
dependent method quantiﬁed only aerobic and/or facultative
anaerobic bacteria, whereas the molecular approach accounted
for all gut bacteria, including obligatory anaerobes, uncultivable
and non-viable bacteria.Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and InA strength of this study is the detailed parallel analysis of pa-
tients and the environment, which allowed correlation between
patient factors and environmental dissemination. An additional
strength is the predominance of the epidemicK. pneumoniae strain
ST-258, which minimizes strain variability as an explanation of the
results. Yet, we cannot exclude the possibility that in hospital
settings, where different CRE clones and even bacterial genus,
species and strain contaminate the environment, the results
present herein will be different. This may stem from the variability
of various microorganisms to persist in the hospital environment
[31] and from the detection limits of the CHROMagar KPCmedia
[19,32]. Another weakness is the paucity of longitudinal data to
examine changes in rectal CRE concentration over time and its
correlation with changes in spreader status.
In summary, dissemination of CRE to the environment is high
in a distinct population of super-spreaders. These patients often
have high rectal KPC-producing CRE concentrations. Environ-
mental spread is also related to faecal incontinence. These
ﬁndings may be important for designing interventions to prevent
the spread of CRE and for developing new diagnostic tests to
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